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Abstract This paper is reported the result of approaches to nondestructive surface-evaluation of concrete in structure 
by comparing with strength of core and estimated strength based on lightness changing of concrete surface 
by water sprinkling. As a result of using cylinder specimen as a fundamental study, the time that lightness 
of concrete surface after water sprinkling converges before itself gets shorter as water-cement ratio 
becomes high. Based on this result, using specimen that simulated concrete in structure, we compared with 
compressive strength of core specimen and lightness changing on surface of that core and found out that 
average of lightness changing at range and point of image processing and compressive strength of core 
specimen have relativity.
 
Key Words: Lightness, Image processing, Nondestructive inspection, Compressive strength of core specimen, 
     Estimating strength 
 
㸬ࡣࡌࡵ࡟
ᵓ㐀యࢥࣥࢡ࣮ࣜࢺ࡟せồࡉࢀࡿရ㉁࡟࠾࠸࡚㸪
ᅽ⦰ᙉᗘࡣ㔜せ࡞㡯┠ࡢ୍ࡘ࡛࠶ࡿ㸬ᵓ㐀యࢥࣥ
ࢡ࣮ࣜࢺᙉᗘࡣ㸪୍⯡࡟㸪JASS5T-605:20051)࡟ࡼ
ࡾ㸪ᵓ㐀యࢥࣥࢡ࣮ࣜࢺ࠿ࡽㅖ᮲௳࡟ᛂࡌࡓ㐺ษ
࡞఩⨨࡟࠾࠸࡚᥇ྲྀࡉࢀࡓ 3ᮏ௨ୖࡢࢥ࢔ᙉᗘࡢ
ᖹᆒ್࡛ᐃ⩏ࡉࢀࡿ㸬ࢥ࢔ᙉᗘࡣ㸪ᒁ㒊ⓗ࡞ࡀࡽ
ࡶᵓ㐀యࢥࣥࢡ࣮ࣜࢺᙉᗘࢆ┤᥋ⓗ࡟▱ࡿࡓࡵ࡟
ࡣ᭷ຠⓗ࡞᪉ἲ࡛࠶ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪ᵓ㐀యࢥ
ࣥࢡ࣮ࣜࢺࡣရ㉁࡟ࡤࡽࡘࡁࡀ⏕ࡌࡿᮦᩱ࡛࠶ࡾ㸪
ࢥ࢔ᙉᗘ࡟࠾࠸࡚ࡶ᥇ྲྀ఩⨨ࡸ῝ࡉ࡟ࡼࡾኚືࡍ
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 2 ᩓỈ࡟ࡼࡿࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘኚ໬࡟ᇶ࡙ࡃᵓ㐀యࢥࣥࢡ࣮ࣜࢺᙉᗘࡢ㠃ホ౯ࡢヨࡳ
ࡿ࡜࠸࠺ሗ࿌ 2)㸪3)㸪4)ࡀࡉࢀ࡚࠸ࡿ㸬ࡇࡢࡇ࡜࠿ࡽ㸪
ᒁ㒊ⓗ࡟᥇ྲྀࡉࢀࡓࢥ࢔ᙉᗘࢆᵓ㐀యࢥࣥࢡ࣮ࣜ
ࢺᙉᗘࡢ┿್࡜ࡍࡿ࡟ࡣ㸪⤫ィⓗ࡞ほⅬ࠿ࡽࡍࢀ
ࡤ㸪㆟ㄽࡢవᆅࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬 
୍᪉࡛㸪ࢥࣥࢡ࣮ࣜࢺࡢ⾲㠃Ⰽࡣ㸪Ỉࢭ࣓ࣥࢺ
ẚ࡟ࡼࡾ␗࡞ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠾ࡾ 5)㸪ࡇࡢ⌧㇟ࢆ
฼⏝ࡋ࡚ࢥࣥࢡ࣮ࣜࢺࡢရ㉁ホ౯ࢆヨࡳࡓ࠸ࡃࡘ
࠿ࡢሗ࿌ 6)ࡀ࠶ࡿ㸬࡞࠿࡛ࡶ㸪すᑿࡽ 7)ࡣ㸪ȭ50mm
ࡢ⠊ᅖ࡟࠾࠸࡚㸪ᩓỈ࡟ࡼࡾ⤒᫬ኚ໬ࡍࡿࢥࣥࢡ
࣮ࣜࢺ⾲㠃ࡢ᫂ᗘࡢኚ໬㔞(ᩓỈ Ⰽヨ㦂)ࢆศග
 Ⰽィ࡟ࡼࡗ࡚ᤊ࠼㸪ࢥࣥࢡ࣮ࣜࢺ⾲ᒙ㒊ࡢ≀㉁
⛣ື᢬ᢠᛶࢆᐃ㔞ⓗ࡟♧ࡋ㸪ࢥࣥࢡ࣮ࣜࢺࡢရ㉁
ホ౯ࡢྍ⬟ᛶࢆ♧၀ࡋࡓ㸬ࡇࢀࢆཧ⪃࡜ࡋ࡚㸪➹
⪅ࡽ 8)ࡣ㸪⏬ീゎᯒ 9)ࢆే⏝ࡋࡓᩓỈ Ⰽヨ㦂࡟
ࡼࡾ㸪ȭ100×200mmࡢ౪ヨయࡢᮦ㱋 28᪥ࡲ࡛ࡢ
ᅽ⦰ᙉᗘࢆ᥎ᐃ࡛ࡁࡿྍ⬟ᛶࢆ᫂ࡽ࠿࡟ࡋࡓ㸬ࡇ
ࡢ᪉ἲࢆᣑᙇࡋ࡚㸪ࡼࡾᗈ⠊ᅖࡢ㠃ホ౯ࡀ࡛ࡁࢀ
ࡤ㸪๓㏙ࡢࢥ࢔ᙉᗘࢆ⏝࠸࡚ᵓ㐀యࢥࣥࢡ࣮ࣜࢺ
ᙉᗘࢆホ౯ࡍࡿ㝿ࡢ⤫ィⓗ࡞┿ഇࢆゎᾘ࡛ࡁࡿྍ
⬟ᛶࡀணぢࡉࢀࡿ㸬 
ࡑࡇ࡛ᮏ◊✲࡛ࡣ㸪᪤ሗ 8)ࡢ⥆ሗ࡜ࡋ࡚㸪ᮦ㱋
56࠾ࡼࡧ 91᪥ࡲ᳨࡛ウࡋࡓ⤖ᯝࢆ♧ࡍ࡜࡜ࡶ࡟㸪
ࡇࢀࢆⓎᒎࡉࡏ㸪ᵓ㐀యࢥࣥࢡ࣮ࣜࢺࢆᶍᨃࡋࡓ
㒊ᮦ(௨ୗ㸪ᶍᨃ㒊ᮦ࡜ࡍࡿ)࡟࠾࠸࡚㸪ࢥ࢔ᙉᗘ
࡜ࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘኚ໬ࡢ┦㛵ᛶ࡟ࡘ࠸࡚
᳨ウࢆ⾜࠸㸪ᵓ㐀యࢥࣥࢡ࣮ࣜࢺᙉᗘࡢ㠃ホ౯ࢆ
ヨࡳࡓ⤖ᯝࢆሗ࿌ࡍࡿ㸬 
 
㸬◊✲ࡢᴫせ
 ᮏ◊✲ࡢᴫᛕ
ᮏ◊✲ࡢᴫᛕᅗࢆ Fig.1࡟♧ࡍ㸬Model A࡟࠾࠸
࡚㸪JASS5T-605:20051)ࡢᐃ⩏࡟ࡼࡾ㸪ᵓ㐀యࢥࣥ
ࢡ࣮ࣜࢺࡢ㐺ษ࡞఩⨨࠿ࡽ᥇ྲྀࡉࢀࡓ 3ᮏࡢࢥ࢔
ᙉᗘࡢᖹᆒ್ࢆᵓ㐀యࢥࣥࢡ࣮ࣜࢺᙉᗘ࡜ࡋ࡚࠸
ࡿࡀ㸪ඛ㏙ࡢ㏻ࡾ㸪ࢥࣥࢡ࣮ࣜࢺࡣရ㉁࡟ࡤࡽࡘ
ࡁࡀ⏕ࡌࡿᮦᩱ࡛࠶ࡿࡓࡵ㸪⤫ィⓗ࡞ほⅬ࡛ࡣ୍
⪃ࡢవᆅࡀ࠶ࡿ㸬ࡇࢀࢆ⤫ィⓗ࡟┿್࡬཰᮰ࡉࡏ
ࡿࡓࡵ࡟ࡣ㸪Model B࡟♧ࡍࡼ࠺࡟㸪ࡼࡾከࡃࡢ
⟠ᡤ࠿ࡽ᥇ྲྀࡋࡓࢥ࢔ᙉᗘ࡟ࡼࡗ࡚ホ౯ࡍࡿࡇ࡜
ࡀ㐺ษ࡛࠶ࡿࡇ࡜ࡣ⮬࡛᫂࠶ࡿࡀ㸪⌧ᐇⓗ࡜ࡣゝ
࠸㞴࠸㸬 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ࡑࡇ࡛㸪ᮏ◊✲࡛ࡣ㸪Model C࡟♧ࡍࡼ࠺࡟㸪
ᩓỈ࡟ࡼࡿᵓ㐀యࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘኚ໬ࢆ
⏬ീゎᯒ 9)࡟ࡼࡗ࡚㠃ⓗ࡟ᤊ࠼ࡿࡇ࡜࡟ࡼࡾ㸪
Model B࡟㏆ࡋ࠸ホ౯ࡀྍ⬟࠿࡝࠺࠿ࢆᶍ⣴ࡍࡿ
ࡶࡢ࡛࠶ࡿ㸬 
 ⏬ീゎᯒ
⏬ീゎᯒࡢࣇ࣮ࣟࢆ Fig.2 ࡟♧ࡍ㸬ࢥࣥࢡ࣮ࣜ
ࢺ⾲㠃ࡣ↓ᙬⰍ࡛࠶ࡿࡓࡵ㸪Ⰽࡢ᫂ᬯࢆ⾲ࡍ᫂ᗘ
࡟ࡼࡗ࡚ホ౯ࡍࡿ㸬ᮏ◊✲࡟࠾ࡅࡿ⏬ീゎᯒࡢ᪉
ἲ 9)ࡣ㸪ࢹࢪࢱ࣓ࣝ࢝ࣛ࡟ࡼࡾ᧜ᙳࡋࡓ⏬ീࢆᖜ
640pixel ࡟⦰ᑠࡋ⏬ീゎᯒࣉࣟࢢ࣒ࣛ࡟ྲྀࡾ㎸ࡳ㸪
᧜ᙳ⏬ീࡈ࡜࡟᫂ᬯࡢࡤࡽࡘࡁࢆ᧜ᙳ᫬࡟෗ࡋ㎸
ࢇࡔሙྜࢆ⪃៖ࡋ㸪ホ౯ࡢᑐ㇟࡜࡞ࡿࢥࣥࢡ࣮ࣜ
ࢺ࡜ྠ᫬࡟෗ࡋ㎸ࢇࡔⓑⰍ࠾ࡼࡧ㯮Ⰽࢧࣥࣉࣝ࡟ 
Fig.2 Flow of image processing 
Importing photograph 
Adjusting lightness level 
Converting color space 
Setting analysis range 
Outputting HLS of all pixel 
Abstracting L from HLS 
Fig.1 Concept model of this study 
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ࡼࡗ࡚᫂ᗘࢆ⿵ṇࡍࡿ㸬ࡉࡽ࡟㸪᧜ᙳ⏬ീෆ࡛ゎ
ᯒ⠊ᅖࢆ௵ព࡛ᣦᐃᚋ㸪ゎᯒ⠊ᅖෆࡢ඲⏬⣲࡟࠾
ࡅࡿⰍᙬ᝟ሗࢆ RGB࠿ࡽ H(Ⰽ┦)㸪L(᫂ᗘ)㸪S(ᙬ
ᗘ)࡟ኚ᥮ࡋᢳฟࡍࡿ㸬ᮏ᪉ἲࡣ㸪ホ౯⠊ᅖࡢไ㝈
ࡀ↓࠸ࡓࡵ㸪ᗈ⠊ᅖ࡟࠾ࡅࡿࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ
ᣲືࢆᖹᆒ໬ࡋ࡚ᢕᥱ࡛ࡁࡿࡇ࡜࡟≉㛗ࡀ࠶ࡿ㸬 
 ᫂ᗘ࠾ࡼࡧᅽ⦰ᙉᗘࡢホ౯᪉ἲ
 ࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘࡣᩓỈ┤ᚋ࡟⃿ࢀⰍ࡜
࡞ࡿࡓࡵ୍᫬ⓗ࡟పࡃ࡞ࡾ㸪⤒᫬ⓗ࡟ᩓỈ๓ࡢ᫂
ᗘ࡬཰᮰ࡍࡿ 8)㸬ࡋࡓࡀࡗ࡚㸪ᩓỈ๓ࡢࢥࣥࢡ࣮ࣜ
ࢺ⾲㠃ࡢ᫂ᗘ࠿ࡽ௵ពࡢ᫬㛫࡟࠾ࡅࡿ᫂ᗘ࡬ࡢኚ
໬㔞ࢆԥL࡜ࡍࡿ࡜㸪ԥLࡣᣦᩘ㛵ᩘⓗ࡟ῶᑡࡋ㸪
0 ࡟཰᮰ࡍࡿ࡜᥎ ࡉࢀࡿ㸬ࡼࡗ࡚㸪ԥL ࡣ㸪(1)
ᘧ࡟ࡼࡾ㏆ఝ࡛ࡁࡿ㸬 
   ԥL 㸻 aebt  (1) 
a㸪bࡣᐃᩘ(b㸺0)㸪tࡣ᫬㛫(s)㸪eࡣ⮬↛ᑐᩘࡢ
ᗏ࡜ࡍࡿ㸬 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(1)ᘧࡼࡾ㸪ᩓỈᚋࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘࡀᩓ
Ỉ๓ࡢ᫂ᗘ࡟཰᮰ࡋࡓ࡜ࡍࡿԥL ࡢࡋࡁ࠸್ࢆᐃ
ࡵ㸪ԥLࡀࡋࡁ࠸್࡜࡞ࡿ᫬㛫 tࢆ Tr࡜ࡍࡿ㸬⟬
ฟࡉࢀࡓ Tr࡟ࡼࡾᅽ⦰ᙉᗘࢆ᥎ᐃࡍࡿ㸬 
 
㸬౪ヨయ࡟ࡼࡿ᳨ウ
 ᐇ㦂ᴫせ
 ౪ヨయᴫせ 
ࢥࣥࢡ࣮ࣜࢺࡢ౑⏝ᮦᩱࢆ Table 1 ࡟㸪ࢥࣥࢡ
࣮ࣜࢺࡢㄪྜ࠾ࡼࡧࣇࣞࢵࢩࣗࢥࣥࢡ࣮ࣜࢺࡢᛶ
≧ࢆ Table 2 ࡟♧ࡍ㸬ࢥࣥࢡ࣮ࣜࢺࡢㄪྜࡣ㸪ࣔ
ࣝࢱࣝ┦ࡢᐜ✚ࡢ┦㐪࡟ࡼࡿᙳ㡪ࢆ᤼㝖ࡍࡿࡓࡵ㸪
༢఩Ỉ㔞࠾ࡼࡧ༢఩⢒㦵ᮦ࠿ࡉᐜ✚ࢆ୍ᐃ࡜ࡋࡓ㸬
ࡲࡓ㸪౪ヨయࡣȭ100×200mmࡢ෇ᰕ౪ヨయ(௨ୗ㸪
౪ヨయ࡜ࡍࡿ)࡜ࡋ࡚㸪ᡴ㎸ࡳᚋ 2᪥࡛⬺ᆺࡋ㸪ᮦ
㱋 91᪥ࡲ࡛㸪 ᗘ 20±2Υ࠾ࡼࡧ┦ᑐ‵ᗘ 60±5㸣
ࡢᜏ ᜏ‵ᐊ࡟࠾ࡅࡿẼ୰㣴⏕࡜ࡋࡓ㸬 
 ᩓỈ࠾ࡼࡧ᧜ᙳࡢᴫせ 
 ᧜ᙳ᮲௳࠾ࡼࡧ㟝྿ࡁ࡟ࡼࡿᩓỈࡢᴫせࢆ
Fig.3࡟♧ࡍ㸬ᩓỈࡣ౪ヨయᗏ㠃࡬㟝྿ࡁ࡟ࡼࡿ 
Table 1 Materials used in concrete 
Materials Type Specification 
Water 
(W) City water ̿ 
Cement 
(C) 
Ordinary 
Portland cement 
Density:3.16g/cm3 
Specific surface area:3280cm3/g 
Fine 
aggregate 
(S) 
Pit sand 
Air-dry density:2.61g/cm3
F.M.:2.75 
Water absorption rate:2.30% 
Coarse 
aggregate 
(G) 
Crushed stone 
Air-dry density:2.70g/cm3 
F.M.:6.64 
Water absorption rate:0.63% 
Chemical 
admixture 
(Ad) 
High-range 
air-entraining 
and 
water-reducing 
admixture 
Polycarboxylic acid 
compound 
Air-entraining 
and 
water-reducing 
admixture 
Lignin sulfonate 
Oxycarbonate 
Table 2 Mix proportion of concrete 
W/C 
(%) 
s/a 
(%) 
Unit content (kg/m3) Ad 
(C%) 
Test results 
Air 
(%) 
Slump 
(cm) W C S G
30 45.8 
170 
567 728 
863 
0.70 3.6 21.5 
40 49.7 245 853 0.75 3.8 18.5 
50 51.4 340 914 
0.75 5.3 17.5 
(0.80) (5.3) (18.0) 
60 52.7 283 960 0.90 3.9 17.5 
() specimen that simulated concrete in structure 
Fig.3 Shooting condition and water sprinkling by atomizer 
Shooting condition Water sprinkling by atomizer 
Fig.4 One of analysis photograph and analysis range 
Black and 
White 
sample 
Specimen 
Analysis 
range 
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0.8mlࡢᄇ㟝࡜ࡋ㸪㧗ࡉ 100mm࠿ࡽᩓỈᚋ㸪᧜ᙳ
㊥㞳 300mm ࠾ࡼࡧ᧜ᙳ㛫㝸 5 ⛊࡛ࢹࢪࢱ࣓ࣝ࢝
ࣛ࡟ࡼࡿᐃⅬ᧜ᙳ࡜ࡋࡓ㸬ࡲࡓ㸪᧜ᙳሙᡤࡣᩓỈ
ࡋࡓỈศࡢᾐ㏱ࡲࡓࡣ㐓ᩓࡀ㸪౪ヨయࡢᙉᗘᛶ≧
ࡢ┦㐪࡛ ‵ᗘ࡟ࡼࡾཷࡅࡿᙳ㡪ࢆ᤼㝖ࡍࡿࡓࡵ㸪
ᜏ ᜏ‵ᐊ࡜ࡋࡓ㸬ග※ࡣ㸪ග⎔ቃࢆ୍ᐃ࡜ࡍࡿ
ࡓࡵ㸪CIE(ᅜ㝿↷᫂ጤဨ఍)࡟つᐃࡉࢀࡿᶆ‽ග※
D65ࢆ౑⏝ࡋࡓ㸬 


 ⏬ീゎᯒ࡟ࡼࡿ᫂ᗘ࠾ࡼࡧᅽ⦰ᙉᗘࡢ
ホ౯᪉ἲ 
 ᧜ᙳ⏬ീࡢ୍౛࠾ࡼࡧゎᯒ⠊ᅖࢆ Fig.4࡟♧ࡍ㸬
ゎᯒ⠊ᅖࡣ㸪౪ヨయࡢ෇࿘ࢆእ᥋෇࡜ࡍࡿṇ᪉ᙧ
࡜ࡍࡿ㸬⏬ീゎᯒ࡟ࡼࡾ⟬ฟࡉࢀࡿ᫂ᗘࡢኚ໬㔞
ԥLࢆ(1)ᘧࡼࡾ㏆ఝࡋ㸪ࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘ
ࡀᩓỈ๓ࡢ᫂ᗘ࡟཰᮰ࡋࡓ࡜ࡍࡿԥL ࡢࡋࡁ࠸್
ࢆ 7.5(᫂ᗘ 255㝵ㄪࡢ 3%┦ᙜ)࡜ࡍࡿ㸬ԥLࡀ 7.5
࡜࡞ࡿ᫬㛫 t ࢆ Tr ࡜ࡋ㸪⟬ฟࡉࢀࡓ Tr ࡟ࡼࡿᅽ
⦰ᙉᗘࡢ᥎ᐃ್࡜㸪JIS A 1108㸸2006࡟‽ᣐࡋᚓ
Fig.5 Relationship between ԥL and time by difference of W/C on each age 
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 
57KH%XOOHWLQRI,QVWLWXWHRI7HFKQRORJLVWV1R
ࡽࢀࡿᅽ⦰ᙉᗘࡢᐇ ್ࢆẚ㍑ࡍࡿ㸬 
 ⤖ᯝ࠾ࡼࡧ⪃ᐹ
 ԥ/ ࡢ⤒᫬ኚ໬
 ྛᮦ㱋࡟࠾ࡅࡿỈࢭ࣓ࣥࢺẚࡢ┦㐪࡟ࡼࡿԥL
ࡢ⤒᫬ኚ໬ࡢ୍౛ࢆ Fig.5 ࡟♧ࡍ㸬࠸ࡎࢀࡢᮦ㱋
࠾ࡼࡧỈࢭ࣓ࣥࢺẚ࡟࠾࠸࡚ࡶ㸪ԥL ࡢ⤒᫬ኚ໬
ࡣ(1)ᘧ࡟ᴫࡡ㏆ఝ࡛ࡁࡿ(௨ୗ㸪ԥL᭤⥺࡜ࡍࡿ)㸬
ࡲࡓ㸪ⱝᖸࡢࡤࡽࡘࡁࡣ࠶ࡿࡶࡢࡢ㸪Ỉࢭ࣓ࣥࢺ
ẚࡀ㧗ࡃ࡞ࡿ࡟ࡘࢀ㸪ᩓỈึᮇ࡟࠾ࡅࡿԥL ᭤⥺
ࡢ᥋⥺໙㓄ࡣᑠࡉࡃ࡞ࡿഴྥࢆ♧ࡍࡓࡵ㸪Ỉࢭ࣓
ࣥࢺẚ࡜ᩓỈ࡟ࡼࡿࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘኚ໬
࡟ࡣ┦㛵ᛶࡀ࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡿ㸬  
 ᅽ⦰ᙉᗘࡢ᥎ᐃ
 ᅽ⦰ᙉᗘࡢᐇ ್࡜ Trࡢ㛵ಀࢆ Fig.6࡟㸪ᅽ⦰
ᙉᗘࡢ᥎ᐃ್࡜ᐇ ್ࡢ㛵ಀࢆ Fig.7࡟♧ࡍ㸬ᩓ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ỉᚋࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘࡀᩓỈ๓ࡢ᫂ᗘ࡬཰
᮰ࡋࡓ᫬㛫 Tr ࡜ᅽ⦰ᙉᗘ࡟ࡣᮦ㱋ࡢ┦㐪࡟ࡼࡽ
ࡎ୍ᐃࡢ┦㛵ᛶࡀぢ࡚ྲྀࢀࡿ㸬ࡇࢀ࡟ࡼࡾ㸪Fig.6
࡛ᚓࡽࢀࡓ㏆ఝᘧࢆᅽ⦰ᙉᗘࡢ᥎ᐃᘧ࡜ᐃࡵ㸪ᅽ
⦰ᙉᗘࡢᐇ ್࡜ẚ㍑ࡍࡿ࡜㸪Fig.7࡟♧ࡍࡼ࠺࡟㸪
≉࡟㸪㧗ᙉᗘᇦ࡟࠾࠸࡚㸪ᴫࡡ±20%ࡢ⠊ᅖෆ࡟཰
ࡲࡿ㸬ࡋ࠿ࡋ㸪పᙉᗘᇦ࡟࠾࠸࡚ࡣ㸪ࡤࡽࡘࡁࡀ
኱ࡁ࠸㸬ࡇࢀࡣ㸪పᙉᗘࡢࢥࣥࢡ࣮ࣜࢺࡣ⾲ᒙ࡟
࠾ࡅࡿ⤌⧊ᵓ㐀ࡢᙧᡂ࡟⢭⢒ࡀ⏕ࡌ㸪Ỉศࡢᾐ㏱
ࡲࡓࡣ㐓ᩓ࡟ࡤࡽࡘࡁࡀ⏕ࡌࡓࡓࡵ࡜⪃࠼ࡽࢀࡿ㸬 
 
㸬ᶍᨃ㒊ᮦ࡟ࡼࡿ᳨ウ
 ᐇ㦂ᴫせ
 ᶍᨃ㒊ᮦࡢᴫせ 
 ࢥࣥࢡ࣮ࣜࢺࡢ౑⏝ᮦᩱ㸪ㄪྜ࠾ࡼࡧࣇࣞࢵ
ࢩࣗࢥࣥࢡ࣮ࣜࢺࡢᛶ≧ࡣ๓❶࡜ྠᵝ࡛࠶ࡾ㸪
Table 1࠾ࡼࡧ Table 2࡟♧ࡍ㏻ࡾ࡛࠶ࡿ㸬ᶍᨃ㒊
ᮦࡣ㸪W405×L405×D205mm ࡢᑍἲ࡜ࡋ㸪ᡴ㎸ࡳ
ᚋ 2᪥࡛⬺ᆺࡋ㸪ᮦ㱋 14᪥ࡲ࡛Ẽ୰㣴⏕࡜ࡋࡓ㸬 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6 Relationship between compressive strength and Tr 
Fig.7 Relationship between estimated compressive 
strength and compressive strength 
y = 37.017loge(x) - 221.22
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Fig.8 Shooting condition 
Lights
Specimen
Camera
Table 3 Specification of types of analysis range 
One of analysis photograph Type Analysis range 
 
A  
B  
C  1
3 4
21
7
1
4
8
2
5
9
3
6
Black and White 
sample Specimen 
Analysis Range 
Type A Type B Type C 
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 ᩓỈ࠾ࡼࡧ᧜ᙳࡢᴫせ 
 ᧜ᙳ᮲௳ࢆ Fig.8 ࡟♧ࡍ㸬ᩓỈࡣ㸪ᶍᨃ㒊ᮦࡢ
ᗏ㠃࡬ๅẟ࡟ࡼࡿ 50ml ࡢሬᕸ࡜ࡋࡓ㸬᧜ᙳ᮲௳
ࡣ㸪᧜ᙳ㊥㞳ࢆ 900mm࠾ࡼࡧ᧜ᙳ㛫㝸ࢆ 5⛊࡜ࡋ
࡚㸪ࢹࢪࢱ࣓ࣝ࢝ࣛ࡟ࡼࡿᐃⅬ᧜ᙳ࡜ࡋࡓ㸬᧜ᙳ
⎔ቃࡣ㸪ග⎔ቃࢆ୍ᐃ࡟ಖࡘࡇ࡜ࡢ࡛ࡁࡿᬯᐊ࡟
࠾ࡅࡿ᧜ᙳ࡜ࡋ㸪ග※࡟ࡣ๓❶࡜ྠᵝ࡟ᶆ‽ග※
D65ࢆ⏝࠸ࡓ㸬 
 ⏬ീゎᯒ࡟ࡼࡿ᫂ᗘ࠾ࡼࡧᅽ⦰ᙉᗘࡢホ
౯᪉ἲ
᧜ᙳ⏬ീࡢ୍౛࠾ࡼࡧゎᯒ⠊ᅖࢆ Table 3 ࡟♧
ࡍ㸬ゎᯒ⠊ᅖࡣ㸪ࢥ࢔ 1ᮏ࡟┦ᙜࡍࡿ⠊ᅖࢆ Type 
A㸪ࢥ࢔ 4ᮏ࡟┦ᙜࡍࡿ⠊ᅖࢆ Type B㸪ࢥ࢔ 9ᮏ
࡟┦ᙜࡍࡿ⠊ᅖࢆ Type Cࡢ 3Ỉ‽࡜ࡍࡿ㸬๓❶࡜
ྠᵝ㸪ԥLࢆ(1)ᘧࡼࡾ㏆ఝࡋ㸪ࢥࣥࢡ࣮ࣜࢺ⾲㠃
ࡢ᫂ᗘࡀᩓỈ๓ࡢ᫂ᗘ࡟཰᮰ࡋࡓ࡜ࡍࡿԥL ࡢࡋ
ࡁ࠸್ࢆ 12(᫂ᗘ 255㝵ㄪࡢ 5%┦ᙜ)࡜ࡍࡿ㸬ԥL
ࡀ 12࡜࡞ࡿ᫬㛫 tࢆ Tr࡜ࡋ㸪Tr࡟ࡼࡿࢥ࢔ᙉᗘ
ࡢ᥎ᐃ್࡜㸪JIS A 1107㸸2006࠾ࡼࡧ JIS A 1108㸸
2006࡟‽ᣐࡋࡓࢥ࢔ᙉᗘࡢᐇ ್ࢆẚ㍑ࡍࡿ㸬 
 ⤖ᯝ࠾ࡼࡧ⪃ᐹ
 ԥ/ ࡢ⤒᫬ኚ໬
 ゎᯒ⠊ᅖ࠾ࡼࡧ఩⨨ࡢ┦㐪࡟ࡼࡿԥL ࡢ⤒᫬ኚ
໬ࢆ Fig.9࡟♧ࡍ㸬Type A㸪B㸪C࡜࠸ࡎࢀࡢゎᯒ
⠊ᅖ࡟࠾࠸࡚ࡶ㸪ԥL᭤⥺ࡣ(1)ᘧ࡟㏆ఝࡋ㸪㧗࠸
┦㛵ᛶࡀぢࡽࢀࡿ㸬ࡲࡓ㸪ࢥ࢔ 1ᮏ࡟┦ᙜࡍࡿゎ
ᯒ⠊ᅖࡢ Type A࡟࠾ࡅࡿԥL᭤⥺ࡣ㸪ゎᯒ఩⨨࡟
ࡼࡗ࡚␗࡞ࡿഴྥࢆ♧ࡋࡓ㸬ࡋࡓࡀࡗ࡚㸪᪤ሗ 8)
࡛ᚓࡽࢀࡓ▱ぢࡼࡾ㸪ྠ୍ࡢᶍᨃ㒊ᮦ⾲㠃࡟࠾ࡅ
ࡿỈศ⛣ື᢬ᢠᛶࡣ఩⨨࡟ࡼࡾኚືࡋ㸪ᑐ㇟఩⨨
࠿ࡽ᥇ྲྀࡉࢀࡿࢥ࢔౪ヨయࡢရ㉁ࡶኚືࡍࡿࡇ࡜
ࡀணぢࡉࢀࡓ㸬  
 ࢥ࢔ᙉᗘ࡜ 7U ࡢ㛵ಀ
 ࢥ࢔ᙉᗘ࡜ Trࡢᐇ ್࠾ࡼࡧ⤫ィ್ࢆ Table 4
࡟㸪Type A࡟࠾ࡅࡿࢥ࢔ᙉᗘ࡜ Trࡢ㛵ಀࢆ Fig.10
࡟♧ࡍ㸬ᶍᨃ㒊ᮦ࠿ࡽ᥇ྲྀࡋࡓ 9ᮏࡢࢥ࢔ᙉᗘࡣ
±2N/mm2 ࡢ⠊ᅖࡢࡤࡽࡘࡁ࡛࠶ࡾ㸪ኚືಀᩘࡣ
4.52%࡛࠶ࡿࡓࡵ㸪࡯ࡰᆒ୍࡛࠶ࡿࡇ࡜ࡀ☜ㄆ࡛
ࡁࡿ㸬୍᪉࡛㸪Type A࡟࠾ࡅࡿ Trࡢኚືಀᩘࡣ
19.73%࡜ࡤࡽࡘࡁࡀ኱ࡁ࠸㸬ࡇࢀࡣ㸪ࢥࣥࢡ࣮ࣜ
ࢺ⾲㠃ࡢ᫂ᗘኚ໬ࡢ᪉ࡀ㸪ࢥ࢔ᙉᗘࡼࡾࡶ㧗ឤᗘ
࡟ᤊ࠼㸪ホ౯್ࡢ⠊ᅖࡀ኱ࡁࡃ࡞ࡿࡇ࡜࡟㉳ᅉࡍ
ࡿ࡜⪃࠼ࡽࢀࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪Table 4࡟࠾࠸࡚㸪
Type A࠾ࡼࡧ Cࡢゎᯒ⠊ᅖ࡟࠾ࡅࡿ Trࡢᖹᆒ್
ࡣ࡯ࡰྠ್࡛࠶ࡿࡓࡵ㸪ゎᯒ⠊ᅖࡢ┦㐪ࡀ㸪ࢥ࢔
ᙉᗘ࡜ԥL ࡢ㛵ಀ࡟ཬࡰࡍᙳ㡪ࡣᑠࡉ࠸࡜⪃࠼ࡽ
ࢀࡿ㸬ࡋࡓࡀࡗ࡚㸪Fig 10࡟࠾ࡅࡿ㏆ఝᘧࢆᶍᨃ 
㒊ᮦ࡟࠾ࡅࡿࢥ࢔ᙉᗘࡢ᥎ᐃᘧ࡜ᐃࡵ㸪ࢥ࢔ᙉᗘ 
Fig.9 Relationship between ԥL and time by difference of analysis range and point 
y = 95.9723 e-0.0003 x
R² = 0.9396 
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y = 96.0867 e-0.0003 x
R² = 0.9502 
y = 96.0167 e-0.0002 x
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R² = 0.9502 
y = 98.8337 e-0.0003 x
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y = 104.4591 e-0.0003 x
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y = 94.2586 e-0.0003 x
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y = 92.6461 e-0.0003 x
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*Analysis point
(Table 4) 
Time (s) 
ԥ
L 
1* 2 3
4 5 6
2
3 4
1 7 8 9
1 
Type A Type B 
Type C 
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࡜ẚ㍑ࡍࡿ㸬 
 ࢥ࢔ᙉᗘࡢ᥎ᐃ
 ࢥ࢔ᙉᗘࡢ᥎ᐃ್࡜ᐇ ್ࡢ㛵ಀࢆ Fig.11࡟♧
ࡍ㸬Fig.10 ࡟࠾ࡅࡿ㏆ఝᘧ࡟ࡼࡾ⟬ฟࡉࢀࡿࢥ࢔
ᙉᗘࡢ᥎ᐃ್࡜ࢥ࢔ᙉᗘࡢᐇ ್ࢆẚ㍑᳨ウࡋࡓ
⤖ᯝ㸪࠸ࡎࢀࡢゎᯒ⠊ᅖ࡟࠾࠸࡚ࡶ㸪ࢥ࢔ᙉᗘࡢ
᥎ᐃ್࡜ᐇ ್ࡣᴫࡡ±10%ࡢ⠊ᅖ࡟ศᕸࡋࡓ㸬ࡇ
ࢀ࡟ࡼࡾ㸪⏬ീゎᯒࡢホ౯⠊ᅖ࡟ไ⣙ࡉࢀ࡞࠸ᵓ
㐀యࢥࣥࢡ࣮ࣜࢺᙉᗘࡢ㠃ホ౯ࡢྍ⬟ᛶࡀぢฟࡉ
ࢀࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪ࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘኚ
໬࡟ࡼࡾ⟬ฟࡉࢀࡿ Tr ࡟ᑐࡍࡿࢥ࢔ᙉᗘࡣ┦ᑐ
ⓗ࡟ኚືࡋ࡚࠸ࡿࡶࡢࡢ㸪ඛ㏙ࡢ㏻ࡾ㸪9 ᮏࡢࢥ
࢔ᙉᗘࡣ±2N/mm2 ࡢ⠊ᅖෆ࡟࠾ࡅࡿࡤࡽࡘࡁ࡛
࠶ࡾ㸪Tr࡟㛵ࡋ࡚ࡶ༢࡟ᴫࡡᆒ㉁࡞౪ヨయࡢࡤࡽ
ࡘࡁࢆᤊ࠼ࡓ࡟㐣ࡂ࡞࠸ࡇ࡜ࡀᠱᛕࡉࢀࡿࡓࡵ㸪
᭦࡞ࡿ᳨ウࡀᚲせ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬 
 
㸬ࡲ࡜ࡵ
ᮏ◊✲࡛ᚓࡽࢀࡓ▱ぢࢆ௨ୗ࡟♧ࡍ㸬 
 ౪ヨయ࡟ࡼࡿ᳨ウ
1) ࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘࡢኚ໬㔞ࢆ⾲ࡍԥL
ࡣ㸪⤒᫬ⓗ࡟ᣦᩘ㛵ᩘⓗ࡞ῶᑡ࡜࡞ࡿ㸬 
2) ᮦ㱋 56࠾ࡼࡧ 91᪥ࡲ᳨࡛ウࢆ⾜ࡗࡓ⤖ᯝ㸪 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
᪤ሗ 8)࡜ྠᵝ㸪ᩓỈᚋࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂
ᗘࡀᩓỈ๓ࡢ᫂ᗘ࡟཰᮰ࡍࡿ᫬㛫࡜ᅽ⦰ᙉᗘ
࡟ࡣ୍ᐃࡢ┦㛵ᛶࡀ࠶ࡿ㸬 
3) ᩓỈᚋࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘࡀᩓỈ๓ࡢ᫂
ᗘ࡟཰᮰ࡍࡿ᫬㛫࡟ࡼࡾ㸪≉࡟㸪㧗ᙉᗘᇦ࡟
࠾࠸࡚㸪ᴫࡡ±20%ࡢ⠊ᅖ࡛ᅽ⦰ᙉᗘࡢ᥎ᐃࡀ
ྍ⬟࡛࠶ࡿ㸬 
 ᶍᨃ㒊ᮦ࡟ࡼࡿ᳨ウ
1) ᫂ᗘኚ໬ࡢഴྥࡣ㸪405×405mmࡢᶍᨃ㒊ᮦࡢ
⾲㠃࡟࠾࠸࡚ࡶ㸪ࡑࡢ఩⨨࡟ࡼࡗ࡚␗࡞ࡿ㸬 
2) ゎᯒ⠊ᅖࡣ㸪ࢥ࢔ᙉᗘ࡜ԥL ࡢ㛵ಀ࡟ᙳ㡪ࢆ
ཬࡰࡉ࡞࠸ࡓࡵ㸪ゎᯒ⠊ᅖࢆ኱ࡁࡃࡋ࡚ࡶ㸪
ྠ⛬ᗘࡢ᥎ᐃ್ࢆᚓࡽࢀࡿྍ⬟ᛶࡀ࠶ࡿ㸬 
3) ᩓỈᚋࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘࡀᩓỈ๓ࡢ᫂
ᗘ࡬཰᮰ࡍࡿ᫬㛫࡟ࡼࡾ㸪ࢥ࢔ᙉᗘࢆᴫࡡ 
±10%ࡢ⠊ᅖ࡛᥎ᐃྍ⬟࡛࠶ࡾ㸪ᵓ 㐀యࢥࣥࢡ
࣮ࣜࢺᙉᗘࡢ㠃ホ౯ࡢྍ⬟ᛶࡀணぢࡉࢀࡓ㸬 
Table 4 Measured and statistical value of  
compressive strength and Tr 
No. 
Type A Type B Type C 
C.S*1 
(N/mm2) 
Tr 
(s) 
C.S 
(N/mm2) 
Tr 
(s) 
C.S 
(N/mm2)
Tr 
(s) 
1 25.4 6660 24.1 7015 24.4 8177
2 23.0 6960 24.4 8424 
 
3 26.0 10670 24.4 7404 
4 23.6 6685 24.0 8755 
5 24.4 7591 
 
6 24.1 8396 
7 25.5 7271 
8 22.6 7164 
9 25.1 11075 
Ave.*2 24.4 8052 24.2 7900 24.4 8177
C.V*3 
(%) 4.52 19.73 0.69 9.03 㸫 㸫 
*1 Compressive strength㸪*2 Average㸪*3 Coefficient of variation 
Fig.10 Relationship between compressive strength 
and Tr (Type A) 
Fig.11 Relationship between estimated compressive 
strength and compressive strength 
y = 3.11Ln(x) - 3.51
R2 = 0.2642
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 8 ᩓỈ࡟ࡼࡿࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ᫂ᗘኚ໬࡟ᇶ࡙ࡃᵓ㐀యࢥࣥࢡ࣮ࣜࢺᙉᗘࡢ㠃ホ౯ࡢヨࡳ
 
㸬௒ᚋࡢᒎᮃ
௒ᚋ㸪ࡉࡽ࡟ࢹ࣮ࢱࡢ⵳✚ࢆ⾜࠸⤫ィⓗ࡞ಙ៰
ᛶࢆ㧗ࡵࡿ࡜࡜ࡶ࡟㸪௨ୗࡢ㡯┠࡟ࡘ࠸᳨࡚ウࡍ
ࡿணᐃ࡛࠶ࡿ㸬 
1) పᙉᗘࢥࣥࢡ࣮ࣜࢺ࡟࠾ࡅࡿࢥࣥࢡ࣮ࣜࢺ⾲
㠃ࡢ᫂ᗘኚ໬࡜ᅽ⦰ᙉᗘࡢ┦㛵ᛶࡢࡤࡽࡘࡁ
ࢆపῶࡉࡏࡿ᪉ἲࢆ᳨ウࡍࡿ㸬 
2) ᶍᨃ㒊ᮦࡢ⾲㠃✚ࢆᗈࡆ㸪⏬ീゎᯒࡢホ౯⠊
ᅖࡢไ㝈ࡀ࡞࠸࡜࠸࠺≉㛗ࢆ⏕࠿ࡋࡓᵓ㐀య
ࢥࣥࢡ࣮ࣜࢺᙉᗘࡢ㠃ホ౯ࢆ᳨ウࡍࡿ㸬 
3) ᶍᨃ㒊ᮦࡢᙉᗘ࠾ࡼࡧ㣴⏕᪉ἲࢆኚ࠼㸪ᵓ㐀
యࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢ⤌⧊ᵓ㐀ࡢᙧᡂ≧ែࡢ
┦㐪ࢆຍ࿡ࡋࡓ㠃ホ౯ࢆ᳨ウࡍࡿ㸬 
 
ㅰ ㎡
ᮏ◊✲ࡣ㸪ᖹᡂ 24 ᖺᗘබ┈㈈ᅋἲே LIXIL ఫ
⏕ά㈈ᅋ◊✲ຓᡂ㔠(◊✲௦⾲⪅㸸㧗ᶫᏹᶞᩍᤵ㸪
ඹྠ◊✲⪅㸸኱ሯ⚽୕෸ᩍᤵ㸪୕஭ᐇㅮᖌ)࡟ࡼࡾ
ᐇ᪋ࡋࡓ㸬ᐇ㦂࡟㝿ࡋ࡚㸪ࡶࡢࡘࡃࡾ኱Ꮫᢏ⬟ᕤ
ⱁᏛ㒊ᘓタᏛ⛉኱ሯ◊✲ᐊࡢ༞◊⏕ࡼࡾຓຊࢆᚓ
ࡓ㸬ࡇࡇ࡟㸪㛵ಀྛ఩࡟ㅰពࢆ⾲ࡍࡿ㸬 
 
ᩥ ⊩
1) ᪥ᮏᘓ⠏Ꮫ఍㸸ᘓ⠏ᕤ஦ᶆ‽௙ᵝ᭩࣭ ྠゎㄝ㸪
JASS 5 㕲➽ࢥࣥࢡ࣮ࣜࢺᕤ஦㸪pp.703-704㸪
2009 
 
 
 
 
 
 
 
 
 
 
 
 
2) ኱ሯ⚽୕࡯࠿㸸ྛ✀ࢭ࣓ࣥࢺࢆ⏝࠸ࡓ㧗ᙉᗘ 
ࢥࣥࢡ࣮ࣜࢺࡢᶍᨃᰕ㒊ᮦ࡟࠾ࡅࡿᡴ㎸ࡳ㠃 
࠿ࡽࡢ᥇ྲྀ῝ࡉࡀࢥ࢔ᙉᗘ࡜ኚື࡟ཬࡰࡍᙳ
㡪㸪᪥ᮏᘓ⠏Ꮫ఍ᵓ㐀⣔ㄽᩥ㞟㸪No.659㸪
pp.23-30㸪2011.1 
3) ኱ᮌᓫ㍜࡯࠿㸸ࢥ࢔᥇ྲྀ఩⨨࠾ࡼࡧ᥇ྲྀ᪉ἲ
ࡢ㐪࠸ࡀ㧗ᙉᗘࢥࣥࢡ࣮ࣜࢺࡢࢥ࢔ᙉᗘ࡟ཬ
ࡰࡍᙳ㡪㸪ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥሗ࿌㞟㸪
Vol.30㸪No.1㸪pp.423-428㸪2008 
4) ᯇᶫᏹ἞࡯࠿㸸ᐇែㄪᰝ࡟ᇶ࡙ࡃ᪤タᵓ㐀≀
ࡢࢥࣥࢡ࣮ࣜࢺᙉᗘศᕸ࡟㛵ࡍࡿ⪃ᐹ㸪ࢥࣥ
ࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥሗ࿌㞟㸪Vol.28㸪No.2㸪
pp1627-1632㸪2006 
5) ๽㟋Ⱚ࡯࠿㸸㧗ឤᛶᡴᨺࡋࢥࣥࢡ࣮ࣜࢺ࡟㛵
ࡍࡿ◊✲㸪᪥ᮏᘓ⠏Ꮫ఍Ꮫ⾡ㅮ₇᱾ᴫ㞟 A-1
ศ෉㸪pp.1201-1206 
6) ౛࠼ࡤ㸪⸨᳃⦾࡯࠿㸸ࣔࣝࢱࣝࡢⰍᙬ್࡜ຊ
Ꮫ≉ᛶࡢ㛵ಀ࡟㛵ࡍࡿᐇ㦂ⓗ◊✲㸪᪥ᮏᘓ⠏
Ꮫ఍ᵓ㐀⣔ㄽᩥ㞟㸪No.555㸪pp.17-24㸪2002 
7) すᑿኊᖹ࡯࠿㸸⾲㠃Ⰽ࡟ࡼࡿࢥࣥࢡ࣮ࣜࢺ⾲
ᒙ㒊ࡢ≀㉁⛣ື᢬ᢠᛶࡢ㠀◚ቯホ౯࡟㛵ࡍࡿ
ᇶ♏ⓗ᳨ウ㸪ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥሗ࿌
㞟㸪Vol.33㸪No.1㸪pp1751-1756㸪2011 
8) ๓⏣┿భ࡯࠿㸸ࢥࣥࢡ࣮ࣜࢺ⾲㠃ࡢỈศ⛣ື
࡟ᇶ࡙ࡃ᫂ᗘኚ໬࡟ࡼࡿᅽ⦰ᙉᗘࡢ᥎ᐃ࡟㛵
ࡍࡿᇶ♏ⓗ◊✲㸪᪥ᮏᘓ⠏௙ୖᏛ఍Ꮫ⾡ㅮ₇
఍◊✲Ⓨ⾲ㄽᩥ㞟㸪pp.183-186㸪2012 
9) ኱ሯ⚽୕࡯࠿㸸⏬ീゎᯒᡭἲ࡟ࡼࡿᡴᨺࡋࢥ
ࣥࢡ࣮ࣜࢺࡢⰍࡴࡽホ౯ࡑࡢ 1㸪2㸪᪥ᮏᘓ⠏
Ꮫ఍Ꮫ⾡ㅮ₇᱾ᴫ㞟 A-1 ศ෉㸪pp.189-192㸪
2006 
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